Terpenes are derived biosynthetically from isopentenyl pyrophosphate (IPP) and dimethylallyl pyrophosphate (DMAPP) units. IPP and DMAPP can be produced through the 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase pathway, known as the mevalonate pathway (discovered in the 1950s), via mevalonic acid as intermediate (1) . Another pathway of producing terpenes is the 2-C-methyl-d-erythritol 4-phosphate/1-deoxyd-xylulose 5-phosphate pathway (MEP/DOXP pathway), which was discovered in the late 1980s (1, 2) . IPP units are further connected to form precursors of each subclass of terpenes (geranyl pyrophosphate (GPP) for monoterpenes, farnesyl pyrophosphate (FPP) for sesquiterpenes, and others) that finally produce terpenes after initiation, propagation and termination sequences (1) . Among terpenes, compounds with different biological activities (e.g., antioxidant, antimicrobial, cytotoxic, phototoxic, nuclear and cytoplasmic mutagenic, carcinogenic, antimutagenic properties, and others) can be found (3) . Great chemical diversity of terpenes exists in nature and monoterpenes and sesquiterpenes are present in essential oils of the different aromatic plants (1, 4) . They are isolated (4) by hydrodistillation (HD), steam distillation (SD), simultaneous distillation-extraction (SDE), solvent extraction (SE), ultrasonic solvent extraction (USE), solid-phase extraction (SPE), supercritical fluid extrac-tion (SFE), microwave-assisted extraction (MAE), stir-bar extraction (SBE), and different headspace (HS) techniques (dynamic and static). Phytochemical composition of essential oils has been ubiquitously determined by gas chromatography and mass spectrometry (GC-MS).
Our recent research (5, 6) was focused on the essential oil phytochemical composition of Petasites albus (L.) Gaertn. and P. hybridus (L.) G. Gaertn., B. Mey. & Scherb. (Asteraceae) as well as on the oils of Globularia cordifolia L., G. meridionalis (Podp.) O. Schwarz and G. punctata Lapeyr. (Plantaginaceae) from Croatia. All the obtained essential oils were very complex, containing a variety of sesquiterpenes and characteristic oxygenated compounds were found among them, e.g., fukinanolid (bakkenolide A). The present paper is focused on: i) a short overview of the abundance of major terpenes in Petasites and Globularia species; ii) possible biosynthetic pathways of identified major sesquiterpenes; and iii) selected biological activities (literature data) of identified major sesquiterpenes from Petasites and Globularia species.
Targeted sesquiterpenes
Sesquiterpenes, as the largest group of terpenes, are subdivisible according to the arrangement of carbon atoms in the molecular skeleton (4, 7) . This paper is focused on our recent research on the subgroups having their carbon atoms arranged in a monocyclic and bicyclic framework corresponding to bakkane, eremophilane and cadinane type sesquiterpenes found in the essential oils of two Petasites and three Globularia species. The obtained oils exhibited complex chemical composition, containing oxygenated sesquiterpenes. In contrast to our previous papers (5, 6) , the novelty presented in this short review concerns a short presentation of their possible biosynthetic pathways and their observed biological activities from the literature.
Major volatiles from P. albus
The major compound in the essential oil from P. albus leaves obtained by hydrodistillation (5) was a bisabolene type sesquiterpene bisabola-2,10-diene-1-one. In general, bisabola-2,10-diene-1-one is rarely found in essential oils. It is likely that it is derived ( Fig. 1 ) from the FPP precursor generating (E,E)-farnesyl allylic cation, leading to nerolidyl pyrophosphate (NPP; 1, 4). NPP is another precursor that can undergo different types of reaction, but in this case, bisabolene synthase directs a single cyclization by electrophilic attack of C-1 onto the double bond of C-6 to form a six-membered ring. Tertiary bisabolyl cation yields different bisabolene derivatives by propagation (e.g., rearrangements, cyclizations) and termination reactions (e.g., proton eliminations, oxidations) including bisabola-2,10diene-1-one, t-muurolol and t-cadinol.
A bakkane type sesquiterpene fukinanolid (bakkenolide A) was another abundant compound in the essential oil of P. albus leaves along with two eremophilanes, t-muurolol and t-cadinol (5) . The last two compounds were previously identified as biologically active molecules. Among others, t-cadinol exhibited a concentration-dependent smooth muscle relaxing effect on the isolated guinea pig ileum and a dose-dependent inhibitory effect on cholera toxin-induced intestinal hypersecretion in mice (8) . t-Muurolol showed antifungal activity against Rhizoctonia solani and Fusarium oxysporum (9) . If those two eremophilanes were in cis-configuration (t-cadinol) or trans-configuration (t-muurolol) with axial hydroxyl at C-9, their antimite activities against Dermatophagoides pteronyssinus and D. farinae were lower than those of α-cadinol (10) . In the essential oil of P. albus leaves, germacrane sesquiterpenes germacrene D-4-ol and germacrene D were less abundant and so was the cadinane sesquiterpene δ-cadinene (5) . Bakkenolide A was the major component of P. albus flower stems and rhizome essential oils, while bisabola-2,10-diene-1-one and an undetermined furanoeremophilane-type sesquiterpene followed by other constituents were also present abundantly (5) . Bakkenolide A was the main sesquiterpene lactone of P. albus (11, 12) and was found in much higher abundance in the buds, scales and flower stems in comparison with the leaves (11) . Eremophilene, furanoeremophilane, several other eremophilene-type sesquiterpenes (albopetasin, petasalbin, albopetasol) and sesquiterpene hydrocarbons (e.g. petasitene, β-elemene, and humulene) were previously found in the rhizomes of P. albus from North Bohemia (13) .
Biosynthesis of bakkenolide A
Bakkenolide A is a member of a large group of sesquiterpene butyrolactones. It is a tricyclic hydrindane with A and B rings fused in cis mode (Fig. 2) . It also contains a spiro lactone moiety (C ring) with an exocyclic methylene group. There are four chiral centers, present at C-4, C-5, C-7 (the spiro center), and C-10, which makes the synthesis more challenging (14) . Bakkenolide A is presumed to be biogenetically related to eremophilanes based on their frequent co-occurrence in nature and efficient "biomimetic" conversion of fukinone (15) to bakkenolide A. Biosynthesis of bakkenolide A is generally taken (16) to proceed as illustrated in Fig. 2 .
Biosynthesis of bakkenolide A starts from FPP and proceeds through the cyclic cation intermediate, which undergoes oxidation and skeletal rearrangement to afford eremophilane fukinone (Fig. 2) , a sesquiterpene ketone first isolated in 1968 from P. japonicus Maxim. (17) . It has been proposed that fukinone is likely to be oxidized to fukinone epoxide and to subsequently undergo Favorskii skeletal rearrangement. Dehydration and further oxidation furnishes the lactone, completing the biosynthesis of bakkenolide A (16) , which was first isolated from the flower buds of P. japonicus along with four other bakkenolides (B, C, D, and E) (18) .
Biological activity of bakkenolide A
It was shown in previous studies that bakkenolide A exhibits selective cytotoxic activity towards cell lines derived from human carcinomas (Hep2 and HeLa) vs. HeLu and cytotoxicity against Ehrlich carcinoma (19) (20) (21) . The structure and cytotoxic activity relationship of sesquiterpene lactones was investigated on numerous tumor models (21) . α-Methylene-γ-lactone moiety with exomethylene group on the lactone is essential for cytotoxicity. However, the most immediate and direct factor responsible for cytotoxicity was the O=C-C=CH 2 system (with or without lactone or cyclopentenone). The neuroprotective activity of bakkenolides from P. tricholobus Franch. was assayed with primary cultured neurons exposed to oxygen-glucose deprivation and oxidative insults and their antioxidant activity was investigated using cell-free bioassays (22) . The obtained results showed that all the compounds exhibited notable neuroprotective and antioxidant activities. Biological activity of bakkenolide A against a variety of agricultural pests was also investigated (21) . It exhibited moderate to excellent protectant activities against adult beetles (Sitophilus granarius, Tribolium confusum) and larvae (Trogoderma granarium, Tribolium confusum) (23) . Bakkenolide A also showed high biological activity as an antifeedant and as a larval growth inhibitor towards the variegated cutworm Peridroma saucia (24) . 
Major volatiles from P. hybridus
The main compound in the essential oil from P. hybridus leaves (5) was bisabola-2,10--diene-1-one isomer. Other major compounds were dehydrofukinone, bisabola-2,10-diene--1-one derivative, germacrene D, phytol, trans-β-caryophyllene and eremophilene. Dehydrofukinone, also known as dihydrokaranone, is an eremophilane-type sesquiterpenoid and possesses moderate peripheral and mild central analgesic activity (25) and induces sedation and anesthesia by modulation of GABAa receptors (26) . P. hybridus flower stem essential oil (5) contained tricosane, bisabola-2,10-diene-1-one derivative, β-eudesmol, fukinanolid, albene, bisabola-2,10-diene-1-one and 6,10,14-trimethylpentadecan-2-one. Tricosane from P. japonicus flower stalk essential oil was reported previously (27) . As observed in our recent study (5) , P. hybridus rhizome essential oil contained bisabola-2,10-diene-1-one derivative, fukinanolid, eremophilene, hinesol, aromadendrene, β-eudesmol and bisabola-2,10-diene-1-one isomer. Fukinanolid, eremophilene and albene were also previously reported as major volatiles in the rhizomes of P. hybridus (28) . Similarly to our research, the amount of bakkenolide A was found to be significantly lower in P. hybridus buds compared to P. albus buds (19) . Distinct separation of the two species was confirmed (5) by principal component analysis (PCA) and hierarchical cluster analysis (HCA). Fukinanolid, eremophilene and β-caryophyllene were also identified in the essential oils from P. japonicus buds and/or flower stalks and other plant parts (27, (29) (30) (31) (32) . Like in our previous study (5) , β-caryophyllene was found dominant in leaf essential oils (27, 31) . Larger amounts of bakkenolide A were found in the essential oils of P. japonicus flower stems compared to its leaves, and eremophilene was found to be typical for the root essential oil (27) . This was also confirmed by our results (5) on the abundance of eremophilane structures in the rhizomes and fukinanolide in the flower stems of P. albus. More sesquiterpenes were previously found in Czech P. hybridus rhizomes, including petasin, isopetasin, S-petasin, furanopetasin, furanoeremophilone, eremophilenolide, petasitolide A and B, S-petasitolide A and B (33) .
The most abundant compounds present in essential oils from the aerial parts of G. cordifolia, G. meridionalis, and G. punctata were oct-1-en-3-ol, 6-(1,5-dimethylhex-4-enyl)-3-methylcyclohex-2-enone and bakkenolide A (6). Oct-1-en-3-ol is a secondary metabolite produced naturally by the enzymatic breakdown of linoleic acid; it inhibits the mycelial growth of Penicillium expansum PP497A (34). Terpenes were major compounds in the majority of Globularia oils, whereas aliphatic alcohols predominated only in one sample of G. cordifolia oil. Moreover, terpenes were mostly represented by oxygenated sesquiterpenes, followed by oxygenated monoterpenes and by a phytol isomer (diterpenoid). The results of multivariate statistical analyses (PCA and HCA) analyses suggested that the composition of Globularia essential oils could be useful for the evaluation of their phylogenetic relationships. Eleven compounds found in investigated samples (6) were also detected previously in two Algerian G. alypum L. samples (35) . Hexadecanoic acid was the major constituent in both G. alypum samples, similarly as in one G. punctata sample included in our study (6) . Moreover, oct-1-en-3-ol was present in high amounts in one G. alypum sample (35) , which was also comparable to our previous results (6) . According to other studies, oct-1-en-3-ol and/or eugenol were recognized as major volatiles of G. alypum (36, 37) .
CONCLUSIONS
The present short review emphasizes the specific phytochemical composition of the essential oils of two Petasites and three Globularia species from Croatia. The determined phytochemical composition and distribution of sesquiterpenes with an eremophilane skeleton can be useful for chemotaxonomy of these species. According to the available data on observed activities of the major constituents present in investigated essential oils, their potential biological activities should be further investigated taking into account the possible synergy or antagonism among oil compounds.
